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“MINING AND GRINDING :.ETHODS AND COSTS AT THE eye 
COMPANY SHALE PIT, TAYLOR STATION, COLUMBUS, onro+ 


By EB. J. Lintnere/ 
INTRODUCTION 


This paver is one of a series being prepared by the United States Bu- 
reau of Mines describing clay and shale mining and crushing methods and 
costs at various operations througnout the United States. These papers are 
designed to disseminate technical information regarding methods used. The 
cost tabulations represent local overating expenditures only and not total 
production costs. It is recognized that publication of total production 
costs may, in many instances, cause embarrassment to the individual operator 
as well as to the industry as a whole. On the other hand, it is essential 
to the technical discussion and study of methods employed to consider operat- 
ing costs. The attention of the reader is snecifically called to this dif- 
ferentiation in order that no misunderstanding of the scope of the cost 
tabulations shal’ ensue, 


The open—pit recovery of clay and shale is a comvaratively simple 
operation in comparison with underground mining; nevertheless, it renresents 
an apprediable factor in the cost of manufacture. 


The following revort deals svecifically with the methods employed by 
the Claycraft Company, which overstes one of three shale planers found in 
Ohio. 


The author wishes to acknowledge the assistance of the following persons: 


C. Forrest Tefft, general manager; h. L. Dutro, sales engineer; and R. F. Boss, 
plent superintendent. 


HISTORY 


The first clay operation in this area wes at Summit, 8 miles east of 
the Columbus citv limits, about 1290. This was knorn as the Columbus Clay 
Manufacturing Co. Here drain tile, building tile, end face brick were 


1/The Bureau of Mines vill welcome reprinting of this paner, provided the 
following footnote acknorledsment is used: "Renrinted from U.S. Bureau 
of Mines Information Circuler 6385," 

2/Associate mining engineer, U.S. Bureau of fines. 
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manufactured from the surface clays. A little later, this comouany opened a 
small pit in the Bedford shale near Taylor Station. The shale wes shipped 
by rail avvroximately 5 miles to their plant at Summit. Here it was mixed 
with surface clays. Still later, the superiority of the Bedford shales 
having been definitely established, the plant was moved to Taylor Station. 


About 1905, the Columbus Contractors! Supply Co. was organized. In 
their oven pit, a 3/'4-cubic yard steam shovel was used to load the material 
into 1-1/2-cubic yard cars. The cars were tnen nulled out of the nit by 
means of asteam hoist and dumped into a bin directly over the dry rans. 


In 191°, the Franklin Brick & Tile Co. acquired this plant and vroverties. 
A new and modern nlant, containing a eonyeanous gas-fired tunnel kiln, was 
erected adjoining the old ylante 


‘In 1925, the Claycreft Co. of Columbus, Ohio, yurchased these plants 
and proverties at a receiver's sale. Axvproximately $200,000 was spent in 
remodeling end SEreress the nlants. 


The old plant is now morn ns Plant noe 4 and produces face brick and 
building tile. The never plant is ikmown as Plant no. 4. This unit produces 
glazed brick made from clay shinoed from the comnany's mine at Sharnee, 
Onio, where Plants no. 1 and no. 2 also are located. At these two latter 
plants, buff and grav face brick are manufactured. Plant no. 3 is located 
just north cf the Ohio State fair grcunds in Columbus. 


Location 


The Taylor Station plants are approximately 3 miles from the east city 
limits of Columbus, Ohio, just north of State Route 16 (fig. 1). It is 
served by the main line of the Pennsylvania Railroad. 


GEOLOGY 


The material mined here is termed the Bedford shale of the Mississipnian 
system. It outcrops in a rather nerrow strip along the eastern border of: 
the Ohio shales, the dark red color meking it consnicuous. "The Bedford 
shale is-usually an argillaceous denosit var-ing in color from bluish gray 
to a red or ee brown, the red color usually being confined to the 
middle portion." In a freshly exnosed section, the layers of shale appear 
massive but soon weather into a sticky red clay. An excellent example of 
this formation existing in a weathered condition is found just east of 
Central College in Blendon Townshin. 

3/ Stauffer, Clinton R., Hubbard, Geo. D., and. Bornocker, os A., Geology of 

the Columbus Quadrangle, 1311; Geological Survey of Ohio, vol. 14, 

p. 28. 
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Pigure 1.- Property map, Taylor Station, Claycraft Co. 
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Here the Bedford shale forms a line of bluffs along the east bank of mi 
Big Walnut Creek, where the soft and easily eroded snale has assumed a most 
striking topography, resembling to a limited extent thet of the "Bad Lands". 
of the West. The color of the central portion of the formation is so con- 
svicuous here as to have fastened the neme "Red Hills" upon this locality.</ 


A vertical section taken east of Gehanna, aporoximetely 2 miles north 
of Taylor Station, wes as follows:2 | | 


Soft argillaceous blue shales, becoming arenaceous 

torard the top. Some of tne slablike fragnents, when 

freshly exnosed, show marks resembling the impressions. 

of plant GUCMS 6:56:66 6 Sa ire SOS Owe we Oe eNO ew O85 381-8" 
Soft argillaceous gray mottled shales eecccesseese 8!'-O!l 
Soft fissile red to chocolate brown shale. These 

layers veether rapidly into ea stiff clay ccccccceccscee O5t-bll 
Soft argillaceous blue shale, quite fissile and much 

GOMUEd deat a bdaviene sail Ueden ee cietows waernwaneeau eae. Lalo" 
Arzillaceous blue shale, very fossiliferous, and 

especielly so near the Dase ecoccscesccccscessccvvcssesee aim 
Derk bluish brown rather soft shale, conteining 

fossil shells and norm trails (7), the latter cast in 

iron pyrites POS e ere ete Bor eee Hees eoveteeeeereeeeerevesee o'yn 


A section exposed by the planer in the Clavcraft pit is as follows: 
Overburden @evneetaeveeeeveneeoeseeevoesteoaeeeeeseeen tenes © 8 @ @ 61on 
Reddish brown: ShHsles: saws sedee sic esieGustewencowe LE'—O" 
Bluish gray shales ccvesscecececesscvccserscvcsers 6t-on 
From this exposed section it is plainly evident that glacial action 
has removed the top blue and grav sheles. To the northeast, however, the 


deposit increases in thic'mess, and is capned by the Berea sandstone. 


A charecteristic analysis of the Bedford shale is as follovs: 


Percent 

SILICA S105: sa velesine ewe isiel et eeaeesenie wees wes 59263 
Alumina, Al503 Pe re er ee ee ee ee eee eee 18.33 
‘Titanic oxide, Ti0g eesscerccsccccscveserererecves 1.09 
Merric Oxide. PCOs sacesdscadinansecewsiawsetas eve 6.49 
Phosphorus pentoxide, P205 ..eseeccacecesvocccvess Role 
Lime, CSO. aeisas ei ie Wane eae 6 w G8 SO ww 65 Wee We We we ew 098 
Maenesi ay MOO: ves. duire ewww aids Wiss eeehuadeeedsaee are 1.04 
Potassium oxide, K50 COSC ere reer ererneoeeresHeoeees 5,07 
Sodium oxide, Nard sreveecessccevsscnasescvscssece 1.58 
Moisture at 105° rm ere eee ee eer ee ee | 1.62 
TENE CLOM: LOSS. ce gioeaeieecoe $0 wo: 6eas's eens oe 6968 eg 0 ew 08% 6.07 


SNR RE SE A ESTEE STS SE A eS rn nr AA “meen 


4/ Stauffer, Clinton R., Hubbard, Geo, D., and Bownocker, J. A., Geology 
of the Columbus Quadrangle, 1911: Geol. Survey Ohio, vol. 14, p. 28, 
5/ Stauffer, Clinton R., Hubbard, Geo. D., and Bornocker, J. A., Geology of 
the Columbus Quadrangle, 1911: Geol. Survey Ohio, vol.el4, ps. 30. . 
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Since the beginning, various types of brick, drain, and partition tile 
have been manufactured in this field. 


In this locality, the Pedford shales are covered with from 6 
to & feet of glacial drift, composed of a very good quality of clay. 
It is compact, fine-grained, and yellowish-brown in color. It con- 
tains a considerable number of limestone boulders, and also a eeu ad 
divided Limestone derived by mechanical wear from these boulders. 


This fact limits its use .in the making of brick at the present time. 


The surrounding country is fairly level and traversed by streems flowing 
in a southerly direction into the Scioto River. At various places these 
streams have cut through the strata and exposed the successive formations 
both above and below tne Bedford shale, The deposits dip slightly to the 
east, the strike being northeast. | 


MINING METHODS 


Strioping 


Stripping is done with a gasoline catervillar, full-circle shovel having 
a l-cubic yard dipvver. The overburden is loaded into a hopper directly over 
one end of a ol-anch by 30-foot. belt conveyor on a cantilever frame over- 
hanging the shale face, by. which it is denosited on the floor of the open 
pit (fig. 2). A $05H Paioter an ives this conveyor at a sveed of 50 feet ver 
minute. The hopoer holds avvroximately e cubic yards of material. The con- 
veyor unit is mounted on a skid and is »ulled forvard by the shovel. ‘This 
arrangement requires only one nandling oneration in order to disnose of the 
overburden entirely. 


A strip apyroximately 50 feet wide and of such length as will run the 
planer for about 1 to 4 weeks (fig. 3) is cleepred. No lerger area than this 
is stripped for fear of caving and tne washing of overburden onto the ex-— 
posed surface of the shales. By exnosing only a commaratively small area of 
shale, ‘sloughing along the ton.edge of the shale face is kent to the minimun. 
Excessive sloughing and caving vill delay the planer operation seriouslv. 

The floor must be kept clean, so that .the planer can move over it, as it 
must be possible for the machine to.keep close to the face at all tines. . 
Should any material slough off.the face and fall onto the machine, it would 
have vo be penovec-ey ia causing serious. delay and increased cost. 


In a short time, the length of the movable conveyor will be increased 
to 4O feet. This: is necessary. in order. to place all of the overburden en- 
tirely beyond the- open edge of the working. face, which insures maximum re- 
covery oa shale without any vossible ecaren rate of waste material. 


6 / Wectnate. Lewis G., Geology of Delar rare County: Geol. Surves Ohio, Bull. 
30, 1926, pe 89. ~o | 
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Figure 4.— Planer and hopper. 
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Aporoximately 150 cubic yards of overburden are moved in an 8-hour snift. 
This is a relatively small mount, but it must be remembered that considerable 
time is required. to clean the shale thoroughly. Avnroximetely 2,400 cubic 
yerds of shale are thus exzosed, vhich is equivalent to 0.06 cubic yard of 
overburden to 1 of shale, or 16 cubic yerds of. shale exnosed for every cubic 
yerd of overburden removed. 


The entire strinving operation requires only two men working part time - 
the shovel operator and a cleen-up man, who looks after the conveyor,also, 
When not overating the shovel, the runner serves as a plart mechanic. 


a 


Mining 


In recovering the shale from tre exposed surface, an* Eagle shale planer 
is used (fig. 4). This machine planes the shale from the full vertical face 
of the vit, gathers it, and conveys it onto a conveyor belt, which, in turn, 
deposits it in a steel hopper. The overation is entirely automatic and re- 
quires only one man to direct it. | 


| The Hagle planer consists essentially of a steel tower mounted to swing 
radially on a heavy circuler base 32 feet in diameter. This base, in turn, 
is mounted on 16 extra heavy, double-flanged, steel wheels 12° inches in di- 
ameter, rolling on five 60-nound rails. The rails are in 20-foot lengths 
and are spaced 5 feet 10 inches on centers. The steel tower carries two 
strands of forged and heat-treated steel chain, to which cutting tools are 
attached by means of cast-steel holders at avproximete'y e-foot intervals, 
This cutting-conveying chain is enclosed on three sides by steel housing 
along the cutting section or shale face. Its speed is 75 feet per minute. 
By means of the radial motion of the torer and the forrard movement of the 
entire machine, the chain is forced against the shale. As the chain moves 
down the face the cutters nlane the shele from the solid. ‘The cut shale 
falls inside the steel enclosure to the floor of the nit, where it is picked 
up by scrapers on the same chain and discharged onto a 26-inch conveyor belt 
running to the planer hopver. 


In addition to the radial movement on the circular base, the entire 
structure moves horizontally on the rails. In its swinging movement, each 
successive cutting edge falls avnroximately 2-1/2 inches to the right or 
left of the last cut, depending ufion the direction of swing. It requires 
approximately eight minutes for the tower to make a comolete cut over and 
back along the face, swinging through 180°, A 10-H.&-motor vith enclosed 
speed reducer operetes the sing mechanism. 


In the forward riovement into the face, the cutters remove 1/2 to 1 inch 
of shale. As the shale is very finely banded, it follows, from the previous 
peragravh, that the maximum size of the mined product will be 2-1/2 inches. 
Fines are such that approximately 20 percent is screened out and passes 
directly to the finished storage bin. It requires about 30 minutes to move 
the rail sections ahead. From the sketch of the planer (fig. 4), it will be 
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noted that a 30-inch feed bar moves the entire unit forward. When this dis- 
tance is covered, the machine is lifted by jacks and the rails are moved 
ahead; the feed bar is reset, and cutting is resumed. The entire base, 
having a 16-foot radius, vill occupy 16 feet of the 20-foot rail sections, 
allowing the other 4 feet. for advancing and safety. The machine will advance 
from 5 to 10 feet ver day, depending won the height of the face and the 
speed of the operetion. A 10-H.P.motor with enclosed speed reducer controls 
the forward movement, and a 60-H.P.motor is required to drive the cutting-— 
conveying chain. 


The maximum cutting height of the machine is 50 feet. The cutting 
chain has a 12-1/2-percent slope. This will enable the planer to cut an 
inverted, conical face, having a dianeter of 43 feet at the floor and 55 
feet at the tODe 


In order to insure continuous operation of the planer, independent of 
the haulage system, a 1/-ton movable steel honver is placed directly behind 
the machine. This hopper is 10 feet long, & feet wide, and 9 feet deep. It 
is supported on four steel legs that are, in turn, mounted on four 1]12-inch-. 
diameter, double-flanged, steel wheels that rol) on 40-nound rails. These 
rails are also in 20-foot sections and the gage is & feet 2 inches (fig. 5). 
A roof is vlaced over this hovver in order that the cut shale can be kept 
dry at all times. The discharge gate of the homer is apnroximately 7 feet 
above the haulage rails, so that the cars are run directly beneath it. The 
total height of the entire unit is approximately 29 feet. It is attached to 
the planer and moves forvard with it. a 


; The ahaa: is delivered to this bin by means of a 26-inch conveyor belt 
inclined at about 15° with the horizontal,end moving at a speed of 60 feet 
per minute. It is driven by means of a 3—-H.P.motor mounted on the steel 
frame supporting the conveyor. 


The planer is required to cut uo to 450 tons per 9-hour day when both 
plants are in full production. It requires only one manyto operate it, as 
stated before. A second man is used as a ground clean-up man. 


Just vhat this means in the way of a very economical operation is 
better explained by Tefft in an article rritten by him in 1928: 


Before installing the planer, only one plant was 
operating, making an averege of 80,000 bricks per day, 
using nine men to blast, load with an old tyne of steam 
shovel, haul, crush, and deliver to the dry—pan storage. 
At present no blasting and crushing are necessary. All 
the work of getting the shale to dry— yan storage is done 
by two men at the planer and one locomotive man. / 


It can readily be seen that the planer installation has effected 
aatericl savings in unit cost per ton, not only in the mining operation but 
in the processing oneration as well. In addition to this, it must be borne 


T/ Tefft, Ce Forrest, The Develooment of the Shale Planer; Am. Ceram. 
Soce, vOl. 11, no. 10, October 1928, pe. 785. 
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Overburden and shale in place 
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Top of 
cut, | 55' diameter 


Bottom of cut, 43' diameter 


Cutting 
_ \ 
- 16 - 4" x 12" double 
a ’ flanged wheels 
Planer rails, 
40-pound, 6'10" centers 
Swinging ye 
point 
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25-pound, 42" gage 


Minéd-out area 


Figure 5.- Plan of planer-shale face and track lay-out, Claycraft Co. 
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in mind that the planer gives a constant uniform mixture of the various 
shales, thus insuring a uniform firing shrinkage and cclor with corresponding 
Smaller kiln losses. The ebility of the planer to cperate in all kinds of 
weather and the edvantages of having the shale remain in its original state, 
ratner than having it shot down to become scaked during wet weather, are 
also of great imnortance to smooth plant operation. | 


There ere, no doubt, conditions under which the shale nlaner would not 
ye practicable. The material must cut easily, the face must not weather and 
slough after being cut, and the nature and thickness of the deposit all are 
important factors to be considered. Its practicability in any type deposit 
must be determined carefully before hand. 


Transnortation 


One 6—ton gasoline locomotive, 42-inch gage, is used to vull a train of 
two steel, drop—bottom, reller—bearing mine cars each of 7 tons capacity 
(fige &). The cars are pushed beneath the planer hopner and the locomotive 
man, from his cab, operetes a lever arrangement located beside the track that 
connects with the bin gate. Thus, he can move the cars forvard slowly and, 
at the same time, contrcl the flow of shale into them. Plant no. 4 requires 
a haul of about 2,400 feet and Plant noe 5 about 5,090 feet per round trip. 
An adverse f-percent grade about 500 feet in length must be negotiated before 
the ground elevation of the plants is reached. Uvon arriving at the plant 
hopner, an automatic trinping.device drops the bottom doors, the load is dis- 
charged, and, as the train moves forwverd, the doors are clcesed automatically 
for the return trip. In ordinary use, from 10 to 15 gellons of gasoline are 
consumed ver day, or approximately 0.C25 gallon per ton. 


Dreinaze 


The only water to combat is. the normel rainfall... To the north is a 
small tributary of Big Walnut Creek (fig. 1). ‘The floor of the pit is carried 
on a slight upward slope away from this streem. All rainfall is taken cere 
of eesily by tnis simple arrangement. 


Grinding Plant 


The shale from the onen pit is dumped directly into a le by 12-foot 
steel track hopper of 12 tons capacity et Plant no. 4 (fig. 7). An 18-inch 
reciprocating vlate feeder, driven bv a 15-H.P.motor, moves the shale into 
an open 15-inch by 40-foot spaced bucket elevator. The buckets are 12 by 7- 
inches in size, spaced at 15-1/2 inches . The elevatcr has a cavacity of 
23 tons ver hour at a sveed of 290 feet per minute. The elevator is driven 
by a 7-1/2-H.P.motor with five V-belt drives on 30-inch centers, 


The elevator discharges onto a 24-inch by 41-foot rubber conveyor belt, 
which transports the material across the railrcad tracks into the top of the 
erinding building. This is driven: by a 10—-H.P.motor connected on 30-inch 
centers by six V-belt drives. ‘Jt is inclined upward at about 15° with the 
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horizontal, and has a canacity of about &&8 tons per hour and a speed of 300 
feet per minute. The material is discharged over a stationary piano-wire 
screen. This screen is 4O by 96 inches, has six28-gege wires to the inch, mak- 
ing an0.15-inch opening, and is inclined at 33% rith the horizontal. Directly 
above the niano rires is a grid made of 5/8- by 1-1/2~inch bars set on edge. 
The function of this grid is to breek the fall of the heavy material upon the 
Piano wires. When a fine material is desired in the brick plant, a steel 
plate is placed over this Byers and thus every ining bypasses the screen to 
the dry pan. 


The material passing through this screen is conveyed by means of a 9 
inch screw conveyor, 24 feet in length, having a capacity of 15 tons per hour 
and running at 80 R.FP.M. to an elevator which will be described later, and 
then into the finished—product bin. The material passing over the screen 
falls into a circular steel bin 8 feet in diameter and of 28 tons capacity. 
From this bin an 18-inch reciprocating plate feeder moves the shale into a 
10—-foot dry pan for grinding. 


The dry pan consists essentially of a large revolving pan placed between 
two heavy end.frames. The pan is supnorted on and driven by a forged—steel 
vertical shaft. The bottom,of the van,consists of bed plates which. are 
placed in the path of iv. revolving rolls called millers, 62 inches diameter, 
16 inches face, and steel screen. plates, which are placed outside the path of. 
rotation of the mullers. The friction of the pan on the mullers causes then — 
to rotate in a plane pervendicular to, that of the nlane of rotation of the nan. 
This machine travels 190 8.?.N. and is driven by means of a 75-—HsP.- sila 
motor ,connected with an eight V-belt drive on &-foot centers,. 


The shale is fed into the van whose rotation dravs it under the mullers, 
where it is subjected to grinding action. When ground te sufficient fineness 
it passes through the screen plates and out of the nan into an enclosed 18- 
inch by 43-foot belt elevator. 


This is a vertical-snaced-bucket eleyatar whose buckets are 14 by 8 
inches, spaced 18 inches, capacity 25 tons pez hour, end speed 314 feet per 
minute. It is driven by a sprocket and chain off ea line shaft connected by 
a six V-belt drive to a 15-Hs® mctor. The finely ground shale is then lifted 
to the top of the buildings, where it is discharged over four stationary viano- 
wire screens. These screens are 30 by 72 inches, made ef 2&-gage wire , spaced 
6 to the inch, making an opening of 0.15 inch. They ere placed at an angle 
of 50° with the horizontal. .The coarse material is returned to the dry pan 
by gravity through a 10-inch diameter.spout. The fine material is discharged 
into a 16-inch by 33-foot vertical belt elevator that lifts it to the finished 
storage bine This is also of the spaced-bucket tyve, having buckets 12 by 7 — 
inches, spaced 15-1/2 inches, a capacity of 23 tons per hour, end a speed of 
206 feet per minute, The fines from the first screening operation also enter 
this elevator from the screw conveyor. This elevator is driven similarly to 
the above-mentioned elevator; that is, off the same line sheft by means of a 
sprocket and chain. The finished storage bin is 14 feet in diameter and has: 
a capacity of 150 tons. 


44s -&- 


Google 


I.C. 6885 


Beneath this storage bin, two rotary disk feeders discharge the material 
onto an 18-inch by 3%-foot rubber conveyor belt, inclined at about 25° where 
it is conveyed to the oug mill. The capacity of the belt is 43 tons per hour 
and its speed is 150 fect per minute. The conveyor, together with the nug 
mill, brick machine, etc., is driven from a counter shaft by a 125-H.P 
motore a 


As stated. before, the first.screening oneration passes 20 percent of the 
material directly:to the finished-shale storage bine Before this screen 
and the planer were instolled, it was necessary to operate three 9-foot dry 
pans to handle full: production. Thus, quite a seving was effected by this 
installation. The fact that the product of the planer is of such size-as 
to require no primary crushing, makes this entire unit a very economical 
One e 


: .,..- Power 

All power is purchased from the Columbus Railway, Power & Light Coe on 
a demand basis. -It is stepped down from 23,000 to 440 volts and purchased 
on a sliding-scale basis that averages about 1-3/4 cents per kw.-hr. 

oO EMPLOYEE PAY SYSTEM 

The daily—wage system is in vogue here, 

At present, % hours comprise a working day. At veek production a 9- 
hour day usually is worked. The nit onerates apvroximately 300 days per year 
in normal times and produces an avereze of 410 tons per day. 

A chart of the organization scheme is shown in figure &. 

SUMMARY OF COSTS 
Total amount of material loaded during period 1927-28 (14 months): 


Overburden .ervscesveesee ClL,(O0 cubic yards. 
SHELC: 60s 0seGe euten ees 170 ,430 tons. 


Stripning Cost 
Stripping formerly was contracted at $0.40 per cubic yard. Since the 


installation of the shovel and conveyor, the cost has averaged $0.07 per 
cubic yard. 
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Costs ner ton of Shale 


Labor cost: 
Average tons per man-hour, 10.2, 


Mining (including stripning) ceccccece 


Grinding Pooeeeeeeereeccresessdievessce 


Total labor cost CROC ree eoonseerseses 
Power cost: 


Planer and grinding (electric) .....e. 
Shovel and locomotives (fuel) e.ecseee 


Repair Materials +c60sctjes00werscawveseoa 


Total power and supplies ........ eee 


Total operating cost ee 


4iks -10- 


Google 


$0.0133 
© 0175 

00375 
$0 .0683 


SO .1883 


